suMMARY Poorly controlled type II diabetic patients with hypomagnesaemia, hypermagnesuria, and hypercalciuria were allocated to treatment with either metformin or glipizide, to determine the effects on some indices of mineral metabolism. Despite comparable improvement in glycaemic control, assessed by glucose and haemoglobin A, there were significant differences between the two groups in the handling of magnesium. Patients receiving metformin showed a reduction in magnesium excretion but remained hypomagnesaemic and hypercalciuric. In contrast, patients receiving glipizide exhibited little change in either magnesium or calcium excretion but showed a significant rise in serum magnesium.
Although it has been known for some time that diabetes mellitus is associated with osteopenia, the pathogenesis of this generalised decrease in bone mass is still not clear. Increased urinary excretion of calcium, phosphate, and magnesium concentrations has been observed in both type I and type II diabetes, particularly if poorly controlled.'"3 This mineral loss has been attributed to several factors and in particular to glycosuria, but a whole range of metabolic changes including chronic acidosis, insulin deficiency, impaired parathormone action, and changed vitamin D metabolism could be implicated. 4 Although there is no consistent evidence that this loss is associated with changes in serum phosphate or in the serum calcium fractions, there have been several reports indicating that hypomagnesaemia is commonly found in diabetics."7 The importance of this observation in relation to total body and soft tissue stores of magnesium is not clear,8 but it may be of some clinical value as hypomagnesaemia has been suggested as a risk factor for the development of diabetic retinopathy.9 In an attempt to get further information on some of the factors in the changes in calcium and magnesium homeostasis we studied the effects on some indices of mineral metabolism of improving glycaemic control in type II diabetic patients given either metformnin or glipizide.
Padents and methods
The patients selected were all type II diabetics who had failed to respond to treatment with diet alone. Diet Accepted for publication 7 Comparisons between results were made by Student's t test (paired or unpaired). Correlations were assessed by linear regression analysis using the method of least squares fit.
Results
Thirty four patients completed the study, 14 in the 934 metformin group and 20 in the glipizide group. There were no significant differences between the groups at the outset in any of the variables measured (table 1) . Twelve (35%) of the patients were hypomagnesaemic compared with the reference range (0-70-1 -00 mmol/ 1), but the serum magnesium concentration did not relate to either the glucose or haemoglobin A, concentrations.
The figure shows the changes in the concentrations of the analytes over the following six months. The two groups showed parallel improvement in glycaemic control as measured by fasting glucose and haemoglobin A,. This improvement was not reflected in any change in serum calcium concentration, but there was a clear and highly significant difference in the effects on serum magnesium concentration. Despite the improved control, patients receiving metformin showed no change in serum magnesium concentration. In contrast, the patients receiving glipizide showed a significant increase in magnesium from the basal values (p < 0 001, paired t test). At 24 weeks seven (50%) of the patients receiving metformin (50%) were hypomagnesaemic (< 0 70 mmol/l) compared with only three (15%) of those receiving glipizide.
Further evidence of differences in the handling of magnesium between the two treatment groups comes from the fasting urinary excretion measurements (table 2). The improved glycaemic control was not reflected in a significant reduction in calcium excretion in patients ofeither group nor was there a reduction in magnesium excretion in patients receiving glipizide. In contrast, the patients receiving metformin showed a pronounced reduction in magnesium excretion, all except one showing an excretion below our upper limit for young laboratory workers (0-32 mmol/mmol). There was no association between calcium or magnesium excretion and blood glucose even at the start of the study. There was a significant correlation before McBain, Brown, Menzies, Campbell treatment started, however, between the haemoglobin A, concentration and the urinary calcium:creatinine ratio (r = 0-396, p < 0-02). In these poorly controlled diabetics the calcium and magnesium excretion were Improved glycaemic control in type II diabetes 935 related (r = 0494, p < 0.01). After 24 weeks of improved control this association was still found in the group receiving glipizide (r = 0-581, p < 0.01) but not in the other group.
Discussion
This randomised longitudinal study of type II diabetics treated with either metformin or glipizide shows that there is a difference in magnesium homeostasis between the two groups. This difference does not seem to be related to glycaemic control. Fasting blood glucose and haemoglobin A, concentrations were the same in both groups at each stage of the study; and even at the outset, when the patients were poorly controlled, neither the serum nor urinary magnesium concentration correlated with the fasting blood glucose concentration. This contrasts with the observations made by some other workers3'2 when hypomagnesaemia and hypermagnesuria were found to be related to hyperglycaemia and glycosuria. These studies, however, were either performed on insulin dependent diabetics3 or in mixed type I and type II populations. '2 The relative hypomagnesaemia of patients receiving metformin confirms an association with biguanide treatment (phenformin) reported earlier.5 It was not accompanied by excessive urinary losses of magnesium. Indeed, unlike glipizide, metformin caused a significant fall in fasting magnesium excretion (table  2) . The reasons for this are not clear but it is more in line with the usual relation between plasma and urinary magnesium'3: it is possibly of some advantage to the patients. Although metformin treatment does not correct hypomagnesaemia, it prevents excessive urinary losses of magnesium.
Insulin activity may be a factor in the way in which magnesium is handled by the two groups. An important action of the sulphonylureas such as glipizide is to increase insulin release from the pancreatic B cell. This is in contrast to the action of metformin which lowers the raised plasma insulin coAcentrations found in type II diabetics,'4 although it enhances the activity of insulin.'"16 Insulin may induce a shift of magnesium from plasma to erythrocytes which is independent of any changes in plasma glucose.'7 8 A negative association was also found between fasting insulin and plasma magnesium concentrations in 55 type II diabetics, most ofwhom were taking sulphonylureas.'2 Effects on the renal handling of magnesium have also been observed. In diabetics the urinary excretion of magnesium increased with insulin dosage, independent of glycosuria,9 and administration of insulin in normal man has been reported to produce increased excretion of magnesium.'9 Thus it may be that part of the explanation for the difference in magnesium excretion between our two groups ofpatients lies in the release and activity of insulin.
Clearly, the control of magnesium homeostasis in type II diabetics is complex, but in view of the possible clinical importance of hypomagnesaemia,5 the differential effects of oral hypoglycaemic agents warrant further study.
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